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List of Abbreviations
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11-valent PCV 11-valent Pneumococcal Conjugate Vaccine
23-valent PPV 23-valent Pneumococcal Polysaccharide Vaccine
CAP Community acquired pneumonia
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1. EXECUTIVE SUMMARY

1.1. Background

Pneumococcal polysaccharide vaccine (PPV) has been available for use in individuals 2
years of age and older for more than 20 years. The existing 23-valent PPV contains
serotypes 1, 2, 3,4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A,
20, 22F, 23F and 33F. The vaccine is indicated for vaccination against pneumococcal
disease caused by serotypes included in the vaccine. In the United States (US), the 23-
valent PPV is routinely recommended for all individuals 65 years of age and older and
for persons 2-64 years of age with certain high risk underlying chronic illnesses.

The partial effectiveness of PPV against pneumococcal bacteremia has been well-
documented, but despite immunization, Streptococcus pneumoniae remains a major cause
of morbidity and mortality, especially in the older adult population where the infection
presents itself as pneumonia with or without bacteremia. Nearly 60,000 cases of invasive
pneumococcal disease (IPD) occur annually in the US; one third of cases and most deaths
occur among the elderly 65 years of age and older (mostly related to pneumonic
pneumococcal bacteremia).

Although the benefits of the 23-valent PPV are clear, the polysaccharide vaccine has a
number of limitations. In young adults, PPV is effective in preventing pneumococcal
pneumonia, evidence taken into account by FDA in 1977 during licensure of the first
pneumococcal polysaccharide vaccine. However, prospective clinical trials evaluating
the ability of PPV to prevent non-bacteremic pneumonia in older adults have shown that
the vaccine is poorly effective in this age group. This may be due to 1) the difficulty in
diagnosing non-bacteremic pneumococcal pneumonia and 2) lowered immune responses
in the elderly. In older adults, it has also been observed that antibody levels to important
serotypes decline to prevaccination levels within 3-7 years. This most likely contributes
to the low level of clinical protection against several serotypes and the decline in overall
protection observed during this same period. For those vaccinated at age 65 years or
older, revaccination is not routinely recommended for several reasons, including lack of
data on duration of protection from an initial dose. Moreover, there is evidence that a
second dose is not as immunogenic as the first, demonstrating some level of reduced
immune memory, i.e., hypo-responsiveness. Inaddition, data on effectiveness of a
second dose are lacking. Although revaccination with PPV is safe and may prolong the
duration of protection, many older individuals will remain incompletely protected.

Conjugation of polysaccharide antigens to carrier proteins improves the immune
responses to polysaccharide antigens. A pneumococcal protein-polysaccharide vaccine
(PCV) containing polysaccharides from the 7 most common serotypes that cause invasive
disease in children <5 years of age in the US has been approved since 2000 and is
recommended to be routinely administered to children. Randomized clinical trials of this
vaccine (Prevnar®, PCV7) have demonstrated that PCV7 is highly protective against IPD
(mostly non-pneumonic pneumococcal bacteremia), clearly reduces all-cause pneumonia,
and is partially protective against acute otitis media in children <2 years of age. Routine
use of PCV7 in young children has reduced the incidence of vaccine serotype and overall
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IPD in children and adults. The most substantial decline in the rate of vaccine serotype
disease has been in the target population of children aged <5 years. Recent data also
demonstrate statistically significant reductions in the rates of both vaccine serotype IPD
and total IPD for children aged 5 to 17 years, and in the total incidence of IPD in persons
>65 years of age.

The effectiveness of PCV has not been extensively studied in adults, in part due to the
existence of the polysaccharide vaccine. Given the need for a more effective
pneumococcal vaccine, the development of PCVs should be pursued in older age groups.
In older adults, PCVs have the potential to induce higher, more functional antibody levels
that persist longer as compared to the currently licensed 23-valent PPV. If PCVs are
effective against non-invasive pneumococcal disease in adults (such as non-bacteremic
pneumonia) or if they confer longer protection, they likely will offer significant
prevention in addition to or possibly as a replacement for the currently recommended
polysaccharide vaccine. Another potential advantage of PCVs is that most of the
serotypes contained in the 11-valent PCVs under development are those associated with
increasing antimicrobial resistance in the older adults. A recent study comparing the
hypothetical effects of the 23-valent PPV with that of new 7- or 11-valent PCVs on
prevention of bacteremic and non-bacteremic pneumococcal (pneumonia) disease in
persons >65 years of age has suggested that PCVs would improve overall disease
prevention.

Recent studies with PCVs in older adults who received one dose of PCV have shown
some increase in antibody concentrations to most serotypes tested as compared to control
subjects who received one dose of PPV. Functional antibody response, such as
opsonophagocytic activity (OPA), not the level of antibody concentration, appears to be
better correlated with protection against pneumococcal disease. However, in the elderly,
data available regarding the functional antibody response or induction of immunologic
memory following vaccination with PPV and PCV remain limited.

1.2. GSK Proposal

GSK recently generated data with the 23-valent PPV (Pneumovax®) in young adults 18-
45 years and in elderly subjects aged 65 and above. By applying a sensitive ELISA assay
(including pre-adsorption of non-polysaccharide specific antibodies), as well as an
opsonophagocytic assay (OPA), noteworthy differences were found between the elderly
and young adult groups, particularly significantly lower opsonic antibody titers were
found in the elderly as compared to young adults. These differences may explain the 23-
valent PPV’s lack of protection against pneumonia in the elderly, while such protection
has been observed in younger adults. GSK believes that an improved PCV that induces
opsonic antibody levels in elderly subjects comparable to the levels induced by 23-valent
PPV in young adults would provide protection against pneumococcal pneumonia in older
adults. Additionally, as a compliment to the current recommendation of routine
immunization with a single dose PPV in adults 65 years and older, priming with PCV and
then boosting with PPV, or an initial dose of PPV and then boosting with PCV, may
provide opportunities to improve prevention of bacteremic and non-bacteremic
pneumococcal pneumonia in adults. Once licensed for use in adults, recommendations on
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the use of a new conjugate pneumococcal vaccine in relation to PPV would need to be
driven by data on immunogenicity, safety, duration of immunity and boostability.

GSK has developed an 11-valent pneumococcal conjugate vaccine, comprising serotypes
1,3,4,5,6B,7F, 9V, 14, 18C, 19F and 23F and is planning to assess the
immunogenicity and safety of this vaccine in clinical trials in older adults (= 50 years of
age).

2. PNEUMOCOCCAL POLYSACCHARIDE AS COMPARED
TO PNEUMOCOCCAL CONJUGATE VACCINES IN THE
ELDERLY

21. Background: Burden of disease

Streptococcus pneumoniae remains a major cause of morbidity and mortality, especially
in the elderly population where most of the infections present themselves as pneumonia
and/or bacteremia. Nearly 60,000 cases of invasive pneumococcal disease occur annually
in the US; one-third of cases and most deaths occur in persons 65 years and older.

Community-acquired pneumonia (CAP) is one of the leading causes of death in adults >
65 years of age. Annual rates of hospitalization due to pneumonia have been reported to
be 1.1/100 for >65 year olds [Jackson,2003; Marston,1997] with rates of outpatient CAP
2-3 fold higher in this age group (Jackson L et al CID 2004 39 1642). A large number of
studies have established S. pneumoniae as a major pneumonia pathogen, although
estimates of the incidence of pneumococcal pneumonia vary widely [Marston,1997;
Koivula,1997; Almirall,2000; Jokinen,2001]. CAP can be caused by different bacterial
and viral pathogens and a pathogen is not identified in 50% or more cases. Regardless of
the setting or the study, S. pneumoniae is the pathogen most commonly identified in
patients with CAP [Fedson, 2004b]. For those cases without a defined etiology, there is
evidence that pneumococcus plays an important role. It is generally assumed that 30 to
50% of hospitalized CAP cases are caused by S. pneumoniae [Fedson, 2004a].
Development of laboratory techniques, with sufficient sensitivity and specificity to
reliably identify the etiologic bacterial agents causing CAP, remain a highly desirable
objective.

Bacteremia is the most common representation of IPD in the elderly, 90% of which are
from pneumonia cases [Fedson, 2004b]. The reported annual incidence of IPD in elderly
adults 65 years of age and older is in the range of 25-75 cases/100,000 per year [Fedson,
2004b; Robinson, 2001; Kyaw, 2003]. These rates rise steeply with age: in elderly >75
years IPD rates are 2-3 times higher.

Vaccination against S. pneumoniae has the potential to offer an effective means to reduce
the morbidity and mortality of pneumococcal disease in adults. However, if one assumes
that 30% of non-invasive CAP is pneumococcal in origin, a vaccine effective only against
IPD can, by necessity, only make a small impact on the total disease burden due to the
pneumococcus. According to this model, administering one dose of 23-valent PPV to
adults 65-79 years old is estimated to prevent only 50% of invasive pneumococcal
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disease cases for approximately 5 years. Thus, this intervention has a marginal impact on
the total burden of pneumococcal disease (Jackson L et al CID 2004 39 1642). Figure 1
illustrates the predicted impact of the current standard of care.

Figure 1 Predicted Impact of 23-Valent PS Vaccine given once at 65 years of
age on Incidence of IPD and Pneumococcal CAP

Predicted impact of 23-Valent PS vaccine on Incidence of IPD and on
Incidence of Pneumococcal CAP in U.S. Adults >65
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CAP incidence from Jackson CID (2004) 39:1642; “pneumococcal” portion
assumed to be 30% (Fedson 2004)

PS Vaccine efficacy assumed to be

*0% for CAP (both age groups)

*58% for IPD (Butler JAMA 1993 270:1826) for 65 year olds

*0% for IPD for 80+ year olds (because vaccine routinely given only at age 65)

2.2, Pneumococcal polysaccharide vaccines

The existing 23-valent PPV contains serotypes 1, 2, 3,4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A,
12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F and 33F. The vaccine is indicated for
vaccination against pneumococcal diseases caused by the serotypes included in the
vaccine.

The 23-valent PPV is recommended by the Advisory Committee on Immunization
Practices for the Centers for Disease Control and Prevention for routine vaccination of
persons 65 years of age or older, and for persons >2 years with chronic illnesses that
place them at moderate to high risk for pneumococcal disease or complications of
pneumococcal disease (chronic cardiovascular disease, chronic pulmonary disease,
diabetes mellitus, alcoholism, chronic liver disease, cerebrospinal fluid leaks, cochlear
implants, or functional or anatomic asplenia, persons living in special environments or
social situations), as well as immunocompromised persons >2 years.

Most adults receive the PPV only once. However, a second dose is recommended for
those who are at highest risk of serious pneumococcal infection and those who are likely
to have a rapid decline in pneumococcal antibodies, provided at least 5 years have
elapsed since receipt of the first dose of PPV. In addition, individuals >65 should be
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administered a second dose if they received the vaccine > 5 years earlier and were < 65
years old at the time.

The 23-valent PPV vaccine is beneficial and provides at least partial protection against
pneumococcal disease. However, the 23-valent PPV vaccine has limitations, some of
which (partial effectiveness against IPD in older adults; limited antibody persistence)
have been summarized by Fedson et al. (2000) as shown in Table 1.
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Table 1 Limitations of pneumococcal polysaccharide vaccine in older
individuals

Serotype Antibody Vaccine effectiveness against IPD age
persistence >50 years % (95% Cl)
(years)

1 - 77 (50,90)

3 - 42 (5,65)

4 45 76 (6,58)

5 -

6B 3 46 (-4,72)

7 - 53 (8,76)

Qv 5 52 (12,74)

14 7.7 62 (44,75)

18C - 36 (-20,66)

19F 3.8 27 (-50,65)

23F 4.7 15 (-24,41)

-- = no data or not mentioned

Purified pneumococcal capsular polysaccharides have been shown to prevent
pneumococcal pneumonia and bacteremia in healthy young adults (see Table 2). Initially,
polysaccharide vaccines were found to prevent pneumococcal pneumonia in military
recruits (18-32 years of age for >95% of the study population) [MacLeod, 1945]. Later
studies in adult South-African young adult novice miners and New Guinea highlanders
confirmed this very high level of protection; [Smit, 1977; Austrian, 1976; Riley, 1977].

These results supported the licensure of PPV with the indication of prevention of
pneumococcal infection including pneumonia. However, post-licensure, efficacy trials
conducted in the elderly demonstrated rather low or even absent protection rates against
non-bacteremic pneumococcal pneumonia (see Table 2). The efficacy of PPV against
pneumonia in elderly patients appears to be low [Jackson,2003; Honkanen,1999],
although some impact on all-cause pneumonia could be demonstrated in cohort studies in
the elderly with chronic lung disease or patients in extended stay geriatric hospitals
[Nichol,1999; Wagner,2003]. The impact on pneumococcal bacteremia in patients >65
years old was found to be approximately 50% [Shapiro,1991 The difference of
approximately 50% efficacy against (mostly pneumonic) pneumococcal bacteremia and
no demonstrable efficacy against non-bacteremic pneumococcal pneumonia can be
explained by 1) bacteremia is the more serious form of adult pneumococcal pneumonia
and easier to prevent and/or by 2) the pneumonia efficacy trials were underpowered to be
able to demonstrate efficacies between 0-50% against non-bacteremic pneumococcal
pneumonia (Fedson,2004b).
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Table 2 PPV Efficacy against Pneumococcal Pneumonia (Lower Respiratory
Infection) in Clinical Trials*

Study, publication year |[Population studied Vaccine Efficacy % (95%
CI)

Pre-licensure trials

MacLeod, 1945 Military recruits (18-32 years) 84% (54%, 94%)

Austrian, 1976 South African young adult gold [79% (65%, 88%)
miners

Smit, 1977 South African young adult novice [92% (49%, 100%)
gold miners

Riley, 1977 Papua New Guinea subjects, aged [86% (<0%, 99%)
>10 years

Post-licensure trials

Simberkoff, 1986 Veterans, >55 years <0% (<0%, 45%)

Koivula, 1997+ Elderly in community, >60 years (15% (<0%, 50%)

Ortqvist, 1998 Elderly in community, 50-85 <0% (<0%, 34%)
years

Honkanen, 1999 Elderly in community, >65 years [<0% (<0%, 20%)

*Studies utilizing <60 pg of each capsular polysaccharide and >200 participants
TPPV plus influenza vaccine compared with influenza vaccine alone

The protective mechanisms induced by PPV are most likely antibody mediated, and in
particular, antibodies that mediate opsonophagocytosis [Poolman, 2004]. Recently,
ELISA assays that include adsorption of non-polysaccharide specific antibodies
(inhibition with cell wall polysaccharide and 22F-polysaccharide) have been developed
allowing specific and sensitive antibody measurements against pneumococcal capsular
polysaccharides [Concepcion, 2001]. As measured by ELISA, relatively minor
differences have been noted in antibody concentrations against pneumococcal capsular
polysaccharides when comparing young adults to the elderly [Musher, 2003; Ruben,
1985; Sankilampi, 1996]. These findings do not explain the differences with respect to
protection from pneumonia between young adults and the elderly. However, one
publication [Romero-Steiner, 1999] demonstrated noteworthy differences with respect to
the detectable levels of opsonic antibodies between adults and the elderly after
vaccination with PPV. This finding may provide an explanation for differences in
efficacy against pneumonia in younger and older adults.

10
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2.3. Correlates of Protection

The anti-polysaccharide antibody levels that are associated with the observed protection
against (non-pneumonic) pneumococcal invasive diseases after pediatric immunization

with the licensed 7-valent conjugate vaccine are in the range of 0.2 pg/ml by ELISA
(Jodar, 2003). (See Figure 2)

Figure 2 Geometric Mean Concentrations Post-Dose 3 (ELISA) in Infants
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Using a similar approach to deduce an antibody threshold after PPV immunization in the
elderly, assuming approximately 50% protection against (mostly pneumonic)
pneumococcal bacteremia, GSK has calculated antibody thresholds of approximately 1-5
pg/ml when evaluating the responses measured via a specific anti-polysaccharide ELISA
(using CPS and 22F inhibition,Henckaerts,ISPPD,Helsinki,2004).

This value is obtained when analyzing the anti-polysaccharide levels at approximately
50% protection or similarly when evaluating the antibody levels at which the difference
between vaccinees and controls is highest (Figure 3). Both approaches lead to the
calculation of similar thresholds of approximately 1-5 ng/ml. Several factors may
explain why this antibody threshold is higher than that calculated for IPD in children.
First, most IPD in children is not pneumonia, whereas in adults it is pneumonia and more
antibody may be needed to protect against pneumonia. Secondly, the antibody thresholds
required for protection after a conjugate vaccine may be lower than those needed after a
polysaccharide vaccine. Finally, the quality of the anti-polysaccharide antibodies
(opsonophagocytic activity) could be impaired in the elderly, or there may be other
immune impairments in the elderly that necessitate higher levels of antibodies to achieve
the same level of protection.

11



AVAILABLE FOR PUBLIC DISCLOSURE WITHOUT REDACTION

Figure 3 23-valent PPV responses in elderly: Reverse cumulative curve for
aggregated responses (11 polysaccharides pooled) (unpublished
GSK data using 22F-ELISA after PPV in individuals > 65 yrs of
age)
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24. GSK Biologicals data comparing 23-valent pneumococcal
polysaccharide vaccine responses in young versus elderly adults

Table 3 and Table 4 show the results of two recent GSK studies conducted in parallel in
Belgium and for which data were generated using the same assays. In both studies,
participants received the 23-valent PPV (Pneumovax®) and the results illustrate the
difference between responses to this vaccine in adults aged 18-45 years as compared to
elderly subjects aged 65 years and above.

In these studies, a single dose of 23-valent PPV (Pneumovax®) was administered to both
young adults and elderly subjects (N=25/group), who were not previously vaccinated
against Streptococcus pneumoniae. Blood samples were collected 1 month post-
vaccination and anti-polysaccharide total IgG concentrations (ELISA), as well as
oposonophagocytic activity titers (OPA assay), for 11 serotypes were measured.

The ELISA results show that the antibody levels are significantly lower in the elderly
group for 4 (1, 3, 4 and 14) out of 11 serotypes, when compared to the young adult group.
The OPA assay shows that the opsonophagocytic activity titers are significantly lower for
7 (1,4, 6B, 7F, 9V, 14, 18C) out of 11 serotypes for the elderly group when compared to
the young adult group. Rank orders differ between ELISA and OPA results, which are in

12
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line with the observation that depending on serotype, different levels of ELISA
antibodies are needed for effective opsonophagocytic activity.

For some serotypes (1, 4, 9V) OPA Geometric Mean Titers were found to be
approximately 10-fold lower in the elderly as compared to young adults.

In conclusion, these results indicate that upon vaccination with 23-valent PPV, both the
quantity and the quality of anti-polysaccharide antibodies are decreased in the elderly as
compared to young adults.

Table 3 Geometric Mean Concentrations (GMCs [ug/ml]) post-dose 1 (ELISA)
in young adults and elderly subjects vaccinated with 23-valent PPV
young adults (18-45years) elderly adults (> 65years)
Serotypes GMC (1 Mo Post vaccination) GMC (1 Mo Post vaccination)
p-value*
95%ClI 95%ClI
Value LL UL Value LL UL
1 7.6 44 131 2.7 1.5 46 0.0067
3 3.6 2.2 59 1.1 0.6 1.9 0.0031
4 4.7 24 91 15 0.9 2.8 0.0244
5 49 2.2 10.7 53 2.2 12.4 NS
6B 3.7 1.7 8.0 2.6 1.2 53 NS
TF 9.8 5.7 16.9 4.2 2.2 8.0 NS
v 5.6 3.5 8.9 44 2.8 71 NS
14 30.9 16.3 58.4 10.7 6.3 18.2 0.0040
18C 55 2.7 111 41 2.3 7.3 NS
19F 12.7 6.9 23.3 7.9 3.9 16.2 NS
23F 3.1 1.2 8.2 24 1.2 4.7 NS

p-value: Comparisons between young adults and elderly using the Wilcoxon test (Non-parametric test). P-values less
than 0.05 (highlighted in bold) were considered as significant. NS: non-significant; 95%Cl: LL,UL = 95% Confidence
interval: LL: lower limit; UL: upper limits

13
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Table 4 Geometric Mean Titers (GMTs [ug/ml]) post- dose 1 (OPA) in young
adults and elderly subjects vaccinated with 23-valent PPV

young adults (18-45years) elderly adults (> 65years)

ST GMT (1 Mo Post vaccination) GMT (1 Mo Post vaccination)
p-value*
95%Cl 95%Cl

Value LL UL Value LL UL
1 1300.8 686.1 2466.1 64.8 27.8 151.1 <.0001
3 1125 71.0 178.4 75.2 414 136.4 NS
4 5639.5 4054.1 7844.9 558.2 235.2 1324.4 <.0001
5 177.8 81.1 389.9 95.0 36.0 250.4 NS
6B 3257.0 22371 4741.9 1173.8 575.3 2395.0 0.0090
7F 6183.1 3585.4 10663.1 1547.5 700.5 3419.0 0.0045
Y 7698.9 4805.9 12333.3 965.3 568.6 1638.9 <.0001
14 2893.4 1607.5 5207.8 936.1 566.4 1547.2 0.0053
18C 377.8 2514 567.8 75.2 44.1 128.4 <.0001
19F 368.8 160.6 847.0 238.7 109.8 519.2 NS
23F 2091.5 1318.2 33184 906.3 419.8 1956.7 NS

p-value: Comparisons between young adults and elderly using the Wilcoxon test (Non-parametric test). P-values less
than 0.05 (highlighted in bold) were considered as significant. NS: non-significant; 95%Cl: LL,UL = 95% Confidence
interval: LL: lower limit; UL: upper limits.

2.5. Pneumococcal conjugate vaccines in adults

In older adults, PCVs have the potential to induce higher, more functional antibody levels
that persist longer as compared to the currently licensed 23-valent PPV. If PCVs are
effective against non-invasive pneumococcal disease in adults (such as non-bacteremic
pneumonia) or if they confer longer protection, they likely will offer significant
prevention in addition to or possibly as a replacement for the currently recommended
polysaccharide vaccine. Another potential advantage for PCVs is that most of the
serotypes contained in the 11-valent PCVs under development are those associated with
increasing antimicrobial resistance in the older adults. A study comparing the
hypothetical effects of the 23-valent PPV with that of new 7- or 11-valent PCVs on
prevention of invasive and non-invasive disease in persons >65 years of age has
suggested that PCVs would improve overall disease prevention [Fry, 2002].

In renal transplant patients, who normally have a poor response to 23-valent PPV,
responses to the PCV7 were found to be significantly more immunogenic than 23-valent
PPV [Kumar, 2003]. Use of PCV7 in children with recurrent infections who were
unresponsive to the 23-valent PPV resulted in induction of an IgG response [Sorensen,
1998]. In a study with children non-responsive to 23-valent PPV, the PCV7 elicited
superior antibody levels than those elicited by the 23-valent PPV [Zielen, 2000]. Healthy
adults who failed to produce IgG to 5 or more polysaccharides after having received 23-
valent PPV were shown to respond to most polysaccharides after receiving a series of
PCVs [Musher, 1998]. The immunogenicity of a series of PCVs, including PCV7,
compared to 23-valent PPV was demonstrated to be superior to 23-valent PPV in elderly
subjects aged >70 years without prior pneumococcal immunization [Kuhnke, 2004].

14
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Since the elderly have been found to demonstrate clearly lowered opsonophagocytic
antibody activity post-PPV as compared to young adults (Romero-Steiner, 1999) there is
room for improvement by way of PCV immunization. In this context, it should be noted
that polysaccharide vaccine non-responders have been found to respond to PCV
[Abraham-Van Parijs, 2004; Musher, 1998].

In addition to improving functional antibody levels, vaccination with PCV may prevent
the hypo-responsiveness that can occur following re-immunization with PPV. Recently,
new data with PCV7 given before or after 23-valent PPV were presented by de Roux et
al. (2005) and are summarized in Table 5. In pneumococcal vaccine-naive individuals
aged >70 years, PCV7 induced superior ELISA responses compared to 23-valent PPV for
6 of 7 serotypes and appeared to increase antibody responses to subsequent doses of 23-
valent PPV as compared to an initial dose of PPV. However, initial dosing with 23-
valent PPV appeared to induce hypo-responsiveness as measured by decreased antibody
responses to subsequent doses of PCV7. It may be most beneficial to give PCV before
PPV [de Roux 2005]. A vaccination strategy of priming with PCV at age 50-60 years
followed by PPV vaccination in patients >65 years may provide an improvement over
the existing strategy of vaccinating patients 65 years of age and older with a single dose
of PPV. Since this strategy may leave people unprotected at approximately 70 years of
age, studies would be needed to determine if priming with PCV followed by boosting
with PPV and then re-boosting with PPV or PCV would offer a solution for the hypo-
responsiveness that may be induced by initial vaccination with PPV,

Although revaccination with polysaccharide may lead to lower antibody levels, no
general recommendation for revaccination has been implemented [Artz, 2003; Torling,
2003].

Table 5 Pneumococcal antibody concentration [ug/ml] to the 7 serotypes in

PCV7 (Prevnar®) 30 days post-vaccination in adults >70 years (
deRoux, 2005)

Results presented as GMCs (95% confidence interval)

Vaccines N 4 6B 9V 14 18C 19F 23F
Administered
- o |31 8.0 98 | 174 | 130 | 55 | 124
(22-43) | (60-108) | (7.5-128) | (123-24.0) | (101-167) | @41-74) | (9.0-17.0)
2.0 5.4 5.7 14.5 7.6 8.4 74
WPnC ZWPS | 36 o a6 | (33-90) | (36-89 | 68-239) | (2-111) | (53-131) | (40-135)
1.4 4.4 3.6 8.5 6.8 4.4 3.8
BvPS 107 (1.1-2.0) (34-538) (2.8-4.6) (6.0-12.1) (5.2-8.9) (34-538) (2.9-5.0)
0.9 2.2 3.0 6.7 5.1 21 3.8
ZPS IWPC | T o613) | (15-32) | @2-40) | (@5-99 | (7-68 | (15-30) | (19-48)
7vPnC . 7-valent pneumococcal conjugate vaccine (Prevnar™)
23WPS : 23-valent pneumococcal polysaccharide vaccine (Pneumovax™)

7vPnC  23vPS : 7-valent pneumococcal conjugate vaccine followed 1 year later by 23-valent pneumococcal polysaccharide vaccine
23vPS  7vPnC : 23-valent pneumococcal polysaccharide vaccine followed 1 year later by 7-valent pneumococcal conjugate vaccine

15
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2.6. Conclusions

Although the benefits of the 23-valent PPV are clear, the polysaccharide vaccine has a
number of limitations. In young adults, PPV is effective in preventing pneumococcal
pneumonia, evidence taken into account by FDA allowing licensure of the 14-valent and
later 23-valent polysaccharide vaccines. However, prospective clinical trials evaluating
the ability of PPV to prevent non-bacteremic pneumonia in the elderly have shown that
the vaccine is not very effective. In the elderly it has been observed that antibody levels
to important serotypes decline to pre-vaccination levels within 3-7 years. This is likely
responsible for the decline in overall protection observed during the years following
vaccination. For those vaccinated at age 65 years or older, revaccination is not routinely
recommended for several reasons, including evidence that a second dose is not as
immunogenic as compared to the first. This reduction of existing polysaccharide-specific
B-cell memory (and the absence of renewed memory) appears a major shortcoming of
PPV. Without revaccination, the elderly become unprotected approximately 5 years post-
PPV.

In older adults, PCVs have the potential to induce stronger and more functional immune
responses of longer duration than the currently licensed 23-valent PPV. Pneumococcal
conjugate vaccines may provide an improved option for the immunization schedule of
older adults. Recent studies conducted with PVC7 have demonstrated improvement of the
immune response in elderly, particularly in terms of functional antibody response. A
functional assay that detects opsonophagocytic activity is generally believed to produce a
more reliable indicator for the induction of immunity. This is supported by the recent
data generated by GSK Biologicals comparing the immune response to the 23-valent PPV
in young adults to elderly (Section 2.4). Lower opsonophagocytic antibody titers were
found in the elderly as compared to the young adult group. These lower
opsonophagocytic antibody titers may explain the difference observed with respect to
protection against pneumonia between young adults and the elderly.

Significantly improved antibody responses (ELISA and OPA) with PCV in elderly adults
(=65 years) as compared to PPV such that non-inferiority to PPV responses in young
adults can be demonstrated, are supportive as a pathway for licensure with an indication
of pneumococcal pneumonia in older adults.

GSK Biologicals is currently assessing pneumococcal conjugate vaccine formulations
vis-a-vis the 23-valent PPV in older adults. In addition, studies are planned to investigate
the hypo-responsiveness phenomenon observed with the 23-valent PPV and to examine
how a PCV would best fit into the immunization schedule if used to complement the
existing polysaccharide vaccine.
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